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AUDIO SYSTEM UTILIZING PERSONAL COMPUTER 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to audio systems that are configured by 
connecting computers such as personal computers (PCs) and portable 
computers to audio devices such as audio component stereo sound systems 
equipped with speakers. 

This application is based on Patent Application No. Hei 9-313062 
filed in Japan, the content of which is incorporated herein by reference. 
Description of the Related Art 

According to the general configuration method employed by the 
audio system that is configured by connecting the personal computer (or 
PC) and audio device, output of a sound board of the personal computer is 
merely connected to an external input terminal of the audio device. In that 
method, the personal computer is placed as one source of the audio device. 
For this reason, when the audio device selects another source such as a FM 
tuner and a CD player, the audio device cannot reproduce audio signals 
from the personal computer. In this case, a user of the audio device cannot 
hear alarm sound and/or sound to inform receipt of electronic mail given 
from the personal computer. The aforementioned audio system is designed 
to employ a simple configuration that the personal computer merely outputs 
analog audio signals to the audio device. Such a configuration is incapable 
of effectively interconnecting (or interlocking) the personal computer with 
the audio device. 



SUMMARY OF THE INVENTION 

It is an object of the invention to provide an audio system in which 
an audio device is capable of reproducing audio data given from a personal 
computer without troubles even if the audio device selects a source other 
than the personal computer. 

It is another object of the invention to provide an audio system that 
is capable of effectively interconnecting (or interlocking) the personal 
computer with the audio device. 

An audio system of this invention is constructed by a personal 
computer and an audio device, which are connected together by way of a 
serial bus such as a universal serial bus (USB), for example. The audio 
device such as an audio component stereo system provides at least one 
audio source such as a tuner and a recording media, which provides first 
audio data representing music or else. The personal computer uses 
graphical user interface (GUI) for controlling operation of the audio data, 
wherein it provides control data and second audio data representing 
message sounds, which are transmitted to the audio device via the serial 
bus. Thus, the audio device performs mixing between the first audio data 
and second audio data on the basis of the control data. Then, speakers 
produce sounds based on mixing result. 

In one aspect of the invention, the audio device is equipped with an 
analog mixing circuit, which performs analog mixing between analog 
signals corresponding to the first and second audio data respectively. 
Herein, signal processing (e.g., graphic equalizer process and/or sound field 



control process) is performed on one of the first and second audio data, 
which is selected according to needs. Then, the analog mixing is performed 
between first analog signals corresponding to signal processing result and 
second analog signals corresponding to the second audio data. When the 
signal processing is selectively performed on the second audio data, it is 
possible to disconnect supply of the second analog signals to the analog 
mixing circuit. 

In another aspect of the invention, the audio device is equipped with 
a digital mixing circuit, which performs digital mixing between the first and 
second audio data. 

Thus, the user is capable of hearing the message sounds while 
listening to the music provided from the audio source, for example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, aspects and embodiment of the present 
invention will be described in more detail with reference to the following 
drawing figures, of which: 

FIG. 1 shows an appearance of an audio system in accordance with 
embodiment of the invention; 

FIG. 2 is a function block diagram showing blocks used for audio 
control made by a personal computer shown in FIG. 1; 

FIG. 3A shows an example of an operation panel which is displayed 
on a screen of a display unit of the personal computer shown in FIG. 1; 

FIG. 3B shows an example of a pull-down panel which appears on 
the screen when MIX is designated; 



FIG. 3C shows another example of the operation panel which shows 
sound field images for sound field control in addition to switches and 
sections of the operation panel of FIG. 3A; 

FIG. 4 is a block diagram showing an example of a configuration of 
an audio device shown in FIG. 1; and 

FIG. 5 is a block diagram showing another example of the 
configuration of the audio device. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
This invention will be described in further detail by way of examples 
with reference to the accompanying drawings. 

FIG. 1 shows an appearance of an audio system in accordance with 
the embodiment of the invention. 

The audio system of FIG. 1 is configured by a personal computer 1, 
an audio device 2 such as an audio component stereo sound system, which 
are connected together by a single serial bus cable 3 and its interface(s). 
The personal computer 1 is capable of linking with networks such as 
Internet and LAN (i.e., Local Area Network) by way of a communication line 
4. Audio data and control data are transmitted in a bidirectional manner 
between the personal computer 1 and the audio device 2 by way of the serial 
bus cable 3. As the serial bus, it is preferable to use the USB (i.e., 
Universal Serial Bus). Or, it is possible to use other serial buses such as 
IEEE 1394 serial bus (i.e., a serial interface for computer networks, where 
"IEEE" is an abbreviation for "Institute of Electrical and Electronics 
Engineers"), for example. In addition, it is possible to use different cables 
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for transmission of the control data and audio data respectively. For 
example, a RS-232C cable is used for transmission of the control data, while 
SPDIF (i.e., normal digital interface such as optical cable) is used for 
transmission of the audio data. 

The personal computer 1 is configured by a main body 11 containing 
a CPU (not shown), a keyboard 12, a mouse 13 and a display unit 14, which 
displays operation panels for manipulation of the audio device 2. The 
audio device 2 is configured by a main body unit 15 containing a tuner, a 
(CD) player and an amplifier as well as left/right loudspeakers 16, 17. 

FIG. 2 is a function block diagram showing functions (or operations) 
regarding audio control of the personal computer 1. 

The personal computer 1 is configured by hardware as well as 
software such as OS (i.e., operating system) and application programs. 
Thus, the personal computer 1 is configured by a GUI unit 21 (where "GUI" 
is an abbreviation for "Graphical User Interface"), a control data processing 
unit 22, an audio data processing unit 23, an audio data storage unit 24 and 
a serial bus interface (I/F) 25. The GUI unit 21 displays on a screen of the 
display unit 14 necessary operation panels, which are required to perform 
all of the operations of the audio device 2 by the personal computer 1. In 
addition, the GUI unit 21 performs processing to accept inputs from input 
devices such as the mouse 13. 

FIG. 3A, FIG. 3B and FIG. 3C show an example of operation panels. 

The operation panel of FIG. 3A contains five switches and three 
sections for adjustments, all of which can be selected and manipulated by 
click operations of the mouse 13. Specifically, the operation panel provides 



a power switch 31 for ON/OFF control of power to the audio device 2, a PC 
switch 32 for selection of audio sources, a CD switch 33, a TUNER switch 34 
and an AUX switch 35. In addition, the operation panel provides a MUTE 
adjuster 36 for adjustment of mute level, a MIX adjuster 37 for adjustment 
of mixing level established between the personal computer 1 and other 
audio sources, and a balance adjuster 38 for adjustment of tone volume 
balance between the loudspeakers 16 and 17. 

When a user clicks the mouse 13 to designate the switch 33, 34 or 35 
for selection of CD, TUNER or AUX as audio source, audio data given from 
the personal computer 1 are output by way of a mixing circuit, which will be 
described later. If the user clicks the mouse 13 to designate the MIX 
adjuster 37, a mixing level adjustment panel 39 shown in FIG. 3B is 
provided in a pull-down manner. Herein, by manipulating the mouse 13 to 
operate a control bar 40, it is possible to adjust a tone -volume ratio between 
the personal computer 1 and other audio source. 

Using the benefits of the operation panels provided by the GUI unit 
21, it is possible to perform a variety of setting operation by using graphic 
images. For example, FIG. 3C shows sound field images for sound field 
control, which are displayed in addition to the aforementioned switches and 
sections of the operation panel of FIG. 3A. Using those sound field images, 
it is possible to perform the setting of the desired sound field in an 
extremely easy way. When the user selects CD, it is possible to display an 
image representing information such as designation of a CD within CDs 
stored in a CD tray and a presently reproduced part of audio data recorded 
on the designated CD. Thus, the user is capable of confirming such 



information with ease. 

Of course, the audio device 2 is capable of being equipped with the 
aforementioned operation panel(s). However, there is a limit in provision 
of the image display. Because the personal computer 1 is capable of 
performing a variety of operations, it may be preferable to provide the audio 
device 2 with a limited number of operation switches used for basic 
functions only. 

Based on operation information representing the operation(s) which 
is performed using the GUI unit 21, the control data processing unit 22 
creates control data for operating the audio device 2. The control data are 
transmitted to the audio device 2 via the serial bus interface 25. In order 
to match operations made by the audio device 2 with contents of the 
operation panels of the personal computer 1, contents of the operations are 
reflected in the operation panels provided by the GUI unit 21 on the basis of 
control data given from the audio device 2. 

The personal computer 1 selected by the GUI unit 21 provides the 
audio data processing unit 23 with output instructions such as the music 
stored in the personal computer 1 as well as the start/end sounds, alarm 
sound, inquiry sound and mail reception sound (hereinafter, all referred to 
as message sounds). So, the audio data processing unit 23 selects 
necessary audio data from the audio data storage unit 24 on the basis of the 
output instructions given from the personal computer 1. Then, the audio 
data processing unit 23 converts them to suit a digital data form which can 
be subjected to transmission. Thus, it outputs them to the audio device 2 
via the serial bus interface 25. 



FIG. 4 is a block diagram showing a configuration of a main body of 
the audio device 2. 

As audio sources, the audio device 2 is equipped with a tuner unit 41, 
an analog AUX input unit 42, a digital AUX input unit 43 and a CD unit 44. 
The tuner unit 41 extracts signals of a desired channel from AM/FM signals 
received by an antenna 45. The tuner unit 41 and the analog AUX input 
unit 42 output respective analog audio signals, one of which is selected by a 
switch 46 and is converted to digital signals by an analog-to-digital 
converter 47 (abbreviated by A/D converter or ADC). The digital AUX 
input unit 43 and the CD unit 44 output respective digital audio data, one of 
which is selected by a multiplexer (abbreviated by MPX or MUX) 48 and is 
input to a digital interface receiver (abbreviated by DIR) 49. The digital 
interface receiver (DIR) 49 reproduces clock signals from the digital audio 
data input thereto. Using the reproduced clock signals, the digital 
interface receiver 49 extracts certain data from the input digital audio data. 
In addition, it separates control bits from the extracted data. Incidentally, 
the digital interface receiver 49 verifies the sampling frequency (and other 
parameters) so as to make determination as to whether the input data are 
reliable ones or not. 

Output of the A/D converter 47 and output of the digital interface 
receiver 49 are subjected to selection made by a multiplexer 50, an output of 
which is then forwarded to a signal processing block 51. In other words, 
one of the digital audio data given from the A/D converter 47 and the digital 
interface receiver 49 respectively is selected and supplied to the signal 
processing block 51. The signal processing block 51 performs a graphic 
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equalizer process and a sound field control process on the selected digital 
audio data. Then, the processed digital audio data are converted to analog 
signals by a digital-to-analog converter (abbreviated by D/A converter or 
DAC) 52. The aforementioned circuit elements that range from the audio 
sources to the D/A converter 52 configure a first system portion of the audio 
system of the present embodiment. 

Audio data and control data, which are given from the personal 
computer 1 via the serial bus cable 3 are input to a serial bus interface unit 
53 shown in FIG. 4. The serial bus interface unit 53 separates the audio 
data and control data from the input data thereof. In the case where the 
serial bus corresponds to the universal serial bus (USB), a data format is 
constructed using a frame of 1 milli-second as a basic unit thereof. By 
detecting a start-of-frame (SOF), it is possible to extract its following frames. 
Thus, it is possible to separate the audio data and control data. In the case 
where the serial bus corresponds to the IEEE 1394 serial bus, it is possible 
to separate the audio data and control data by detecting self-ID packet 
which starts by codes of "10". 

The separated audio data are subjected to digital-to-analog 
conversion by a D/A converter 54. The aforementioned circuit elements 
such as the serial bus interface unit 53 and the D/A converter 54 construct a 
second system portion of the audio system. Outputs of the D/A converters 
52 and 54 are subjected to mixing performed by a mixing circuit 55. The 
mixing circuit 55 is configured by an electronic volume 56, resistors 57 and 
58. Herein, the electronic volume 56 performs adjustment of a tone volume 
with respect to analog signals given from the D/A converter 54, while the 



# # 

resistors 57 and 58 are provided for analog addition. A switch 59 is 
provided prior to the electronic volume 56 in such a way that the second 
system portion is subjected to analog mute and is placed in a mixing-off 
state. Output of the mixing circuit 55 is forwarded to an electronic volume 
60 which adjusts master volume and is then output to the loudspeakers 16 
and 17 via an amplifier 61. 

Incidentally, the audio data separated by the serial bus interface 
unit 53 are selectively supplied to the first system portion as well via the 
multiplexer 50. 

The control data separated by the serial bus interface unit 53 are 
supplied to a system control unit 62. Thus, the system control unit 62 
produces control signals CI, C2, C9 based on the foregoing operation 
information made by the GUI unit 21 of the personal computer 1. The 
control signals CI, C2 and C3 are supplied to the switch 46, multiplexer 48 
and multiplexer 50 respectively. Thus, those control signals are used for 
selection of the audio source, which is designated. The control signal C4 is 
supplied to the switch 59, so that mixing is turned off in the case where the 
personal computer 1 is selected as the audio source. The control signals C5 
and C6 control the electronic volumes 56 and 60 respectively. Further, the 
control signal C7 represents signal processing selection information for the 
signal processing block 51; the control signal C8 represents channel 
selection information for the tuner unit 41; and the control signal C9 
represents selection information for the CD unit 44. Incidentally, 
operation switches 63 equipped in the audio device 2 are capable of 
supplying control data to the system control unit 62. Herein, contents of 
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operations of the operation switches 63 are displayed by a display 64 as 
well. 

When the CD is selected as the audio source, the multiplexer 48 
selects output of the CD unit 44, while the multiplexer 50 selects output of 
the digital interface receiver 49. At this time, the switch 59 operates to 
establish connection between the D/A converter 54 and the mixing circuit 55. 
So, when the personal computer 1 supplies the audio device 2 with a 
message sound while the user listens to sounds of the CD, the mixing circuit 
55 mixes the message sound and CD sounds, which are produced by the 
speakers 16 and 17. 

When the personal computer 1 is selected as the audio source, the 
multiplexer 50 selects the serial bus interface unit 53. Audio data given 
from the personal computer 1 are digital data, which have no deterioration 
in sound quality. In addition, the signal processing block 51 performs the 
graphic equalizer process and sound field process on the audio data. 
Therefore, it is possible for the user to appreciate the music of good quality. 
By the way, the personal computer 1 is equipped with a CD-ROM unit, 
which is capable of reproducing a CD used for the music. In that case, 
digital data reproduced from the CD are transmitted to the audio device 2 
via the serial bus interface unit 53. Thus, it is possible to reproduce 
sounds of the music CD in a completely same manner that the audio 
component stereo system reproduces the music CD by itself. Incidentally, 
it is possible to make the setting of the personal computer 1 such that the 
message sounds (e.g., alarm sound and mail receipt sound) supplied from 
the personal computer 1 are adequately convoluted into the audio data with 
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ease. Those sounds are naturally produced by the speakers 16 and 17. 
Therefore, the audio system of the present embodiment is capable of 
avoiding an event that the user cannot hear the message sounds while 
listening to other audio sounds. In the aforementioned case where the 
message sounds are convoluted into the audio data, the switch 59 operates 
to disconnect the D/A converter 54 from the mixing circuit 55. As described 
before, the audio signals output from the first system portion are subjected 
to signal processing such as the sound field process, while the audio signals 
output from the second system portion are not been subjected to such signal 
processing but are subjected to simple digital-to-analog conversion. In the 
above case, it is possible to avoid an event that the audio signals of the first 
system portion are mixed with the audio signals of the second system 
portion. So, the present embodiment does not suffer from inconveniences 
such as jamming. In addition, the present embodiment is capable of 
effectively utilizing signal processing of a further high quality. 

Incidentally, the present embodiment is designed to perform 
"analog" mixing. Of course, it is possible to modify the present 
embodiment to perform "digital" mixing using digital data. FIG. 5 is a 
block diagram showing a modified configuration of the audio device 2 that 
actualizes the digital mixing. 

In the case of FIG. 5, it is necessary to make adjustments on 
sampling parameters such as sampling rates and sampling timings at input 
and output of the signal processing block 51. For this reason, output of the 
serial bus interface unit 53 is supplied to a sampling rate comparator 
(abbreviated by "SRC") 71, wherein it is subjected to frequency adjustment 
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and synchronization adjustment. Then, a mixing circuit 72 performs 
mixing between output of the sampling rate comparator 71 and output of 
the signal processing block 51. The mixing circuit 72 is configured by a 
mixing digital volume 73 and an adder 74. The mixing circuit 72 is 
followed by a master digital volume 75. The foregoing signal processing 
circuit 51, mixing circuit 72 and master digital volume 75 are all designed 
as digital circuits. Therefore, it is possible to configure them in a form of a 
single signal processing block 76. Output of the master digital volume 75 
is subjected to digital-to-analog conversion by a D/A converter 77, output of 
which is then supplied to the speakers 16, 17 via the amplifier 61. 

As the audio device 2, the present embodiment employs an audio 
component stereo system of an integrated type, which incorporates a variety 
of sources therein. Of course, it is possible to employ single component 
units respectively. Or, it is possible to employ an amplifier-incorporated 
speaker (or so-called PC speaker), which has a serial bus terminal and an 
external input terminal. 

Lastly, effects of the invention will be described as follows: 
(1) The audio system of the invention is constructed by a personal 

computer and an audio device, which are connected together by way 
of a serial bus. Herein, the audio device performs mixing between 
audio data of the personal computer and audio data given from an 
audio source differed from the personal computer. Therefore, the 
user is capable of hearing contents of the audio data of the personal 
computer representing message sounds such as alarm sound and 
mail reception sound while listening to sounds of the audio source. 
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(2) The audio device of the audio system is designed to contain a first 
system portion and a second system portion. Herein, the first 
system portion provides the high-class digital audio processing such 
as the equalizing process and hall sound field imparting control 
process, while the second system portion provides only the simple 
processing such as the digital-to-analog conversion, for example. 
The audio data of the personal computer can be supplied to either 
the first system portion or second system portion. So, even when 
the first system portion selects the audio source other than the 
personal computer, in other words, even when the first system 
portion does not process the audio data of the personal computer, the 
user is capable of hearing the message sounds, which are subjected 
to mixing from the second system portion. If the audio data of the 
personal computer represent musical tone data having a high sound 
quality that is equivalent to the CD and the like, the first system 
portion selects the personal computer as the audio source so that the 
sound processing of high precision is performed on the audio data of 
the personal computer in a manner similar to sound processing for 
the other audio source. In that case, the user is capable of hearing 
the message sounds processed in the first system portion. So, the 
mixing effected between outputs of the first and second system 
portions are prohibited, so that only the processing system of a 
higher quality (i.e., first system portion) is effectively utilized. In 
addition, it is possible to avoid unexpected inconveniences such as 
the jamming. 
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(3) The personal computer is capable of displaying operation panels. 
So, control data are produced based on operations of the operation 
panels and are transmitted via the serial bus to control operations of 
the audio device. Or, the personal computer receives information 
regarding operations made by the audio device, which is then 
reflected in contents of the operation panels. So, even if the audio 
device is located far from the personal computer, the personal 
computer is capable of performing all of the operations made by the 
audio device. Thus, it is possible to improve handling extremely 
well in audio control. In addition, all the operations made by the 
audio device are reflected in contents of the operation panels of the 
personal computer. Therefore, there is no inconsistency in 
operations between the personal computer and audio device. 

(4) This invention is applicable to the audio component stereo system, 
which incorporates the AM/FM tuner and player for CD (compact 
disk), MD (mini disk), DAT (digital audio tape) etc. In addition, 
this invention is applicable to the so-called PC speaker that is 
constructed by the amplifier and speaker(s). 

(5) The contents of the audio system of this invention are described as 
the audio control program. The audio control program can be 
provided for the user in a form of the recording media such as the 
CD and floppy disk(s), or it can be provided using communications 
from the host computer, for example. The audio control program is 
basically designed to include software elements as follows: 

(i) Graphical user interface (GUI), which is provided on the display 
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of the personal computer to control operations of the audio device 
such as the selection of the audio source and the mixing for the 
audio data of the selected audio source and audio data of the 
personal computer; 

(ii) Process that control data are produced based on operations made 
by the graphical user interface and are output to the audio device; 
and 

(iii) Process that information regarding the operations made by the 
audio device is received and is reflected in contents of the graphical 
user interface. 

As this invention may be embodied in several forms without 
departing from the spirit of essential characteristics thereof, the present 
embodiments are therefore illustrative and not restrictive, since the scope of 
the invention is defined by the appended claims rather than by the 
description preceding them, and all changes that fall within metes and 
bounds of the claims, or equivalence of such metes and bounds are therefore 
intended to be embraced by the claims. 
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